Medial movements of the lateral pharyngeal wall at the level of the velopharyngeal port were examined by using a computerized ultrasound system. Subjects produced CVNVC sequences involving all combinations of the vowels/a/and/u/and the nasal consonants/n/and/m/.
INTRODUCTION
In normal speech, the velopharyngeal port acts to partition the oral and nasal cavities and thus enables the production of distinct nasal and oral sounds. The valving action of the velopharyngeal mechanism consists of elevation and retraction of the velum along with medial gestures of the posterior and .lateral pharyngeal walls (Dickson and Dickson, 1972; Skolnick, 1969 ). The present study was designed to examine the spario-temporal characteristics of lateral pharyngeal wall movements at the level of the velopharyngeal port with special attention to the effects of phonetic context on these gestures. It was aimed at assessing the contribution of lateral pharyngeal wall movements to the.overall organization of the vclopharyngeal mechanism.
To date, the velopharyngeal mechanism in speech has been studied primarily in terms of velar movements and the activity of its muscles. It has been shown that the velum is elevated for obstruents and phonemieally oral vowels (Bell- Ryan and Hawkins, 1976; Zagzebski, 1975) . In addition, it has been shown that lateral pharyngeal wall displacements differ for high and low vowels with high vowels having greater medial movement than low vowels (Niimi et al., 1978) .
Although some spatio-temporal similarities between pharyngeal wall and velar movements have been demonstrated, the study of phonetic context has been restricted primarily to velar movements. The coarticulation of nasal and non•nasal sounds has been demonstrated primarily in terms of velar lowering for nasal consonants and its elevation for oral consonants and vowels, or in terms of the velopharyngeal port opening and closing. It has been shown that velar lowering for a nasal consonant starts well before the oral articulatory movement for this consonant (Benguerel, 1974) , and near the beginning of the oral articulatory movement for a preceding oral vowel ( Information on coartieulation in the movements of the lateral pharyngeal wall can also shed light on .the characteristies of the velopharyngeal mechanism. Our aim was to identify characteristics of lateral pharyngeal wall movement which are similar to those of velar movement; covariation of movement kinematics was assumed to be a property which defines the functional organization of the velopharyngeal synergy.
In this study, movements of the lateral pharyngeal wall were monitored during the production ofconsonant-vowel-ature on velar movement. Ideally, it would be desirable to measure movements of both the velum and the pharyngeal wall shnultaneously with a single measurement instrument in order to obtain direct evidence on the magnitude and the temporal rehtionshipe w•ch characterize the synergy. Evidence of this kind could be obtained using x-ray techniques although the invasive nature of the x-ray procedure makes it undesirable. The ultrasound technique which was used here to measure the movements of the lateral pharyngeal wall cannot be adapted to monitor the movements of the velum. However, the inability to obtain direct evidence on velopharyngeal coupling is offset by its noninvasive nature, by its high temporal and spatial resolution, and by the relatively large volume of data which can be collected, thus permitting the use of true factorial statistical designs. Three male adults with normal speech served as subjeers. Subjects RK and TO were native English speakers, with Canadian and New Zealand dialects, respectively. Subject AP was a native Hebrew speaker and fluent in Canadian English.
B. Apparatus and procedure
IAteral pharyngeal wall movements were monitored by using a computerized pulsed ultrasound system (see Keller and Ostry, 1983 The individual recording trials lasted 3.5 s each. In each trial, the subject repeated a given CVNVC utterance continuously. Typically, two or three repetitions per trial were produced. The order of the various CVNVC types was randomized across trials.
In order to monitor lateral pharyngeal wall movements at the level of the velopharyngeal port, the ultrasound transducer was placed against the external neck wall, beneath the earlobe, and behind the ramus of the mandible. This placement was used previously by Ryan and Hawkins (1976) and Zagzebski (1975) . The transducer was held against the subject's external neck wall by an adjustable holding rig.
The orientation of the transducer was determined by having the subject slowly rotate her/his head against the transducer. Initial placement was based on the detection of ultrasound reflections from the pharyngeal wall during nonspeech gestures such as swallowing; swallowing results in a strong roedial gesture of the pharynx. Once the lateral pharyngeal wall was located, the final position for recording was determined such that the movement amplitude between the nasal and obstruent consonants in repetitions of the word /s•e•ko/was maximized. This criterion was employed since previous reports have indicated that the maximum changes in the velopharyngeal port area occur between obstruents and nasal consonants (e.g., Bell-Berti, 1980). In scoring the data, tokens were rejected if either the initiation or the termination of voicing was not clearly distinguishable in the acoustic record or if mulitiple peaks in the ultrasound position record made it difficult to identify either the point of initiation or termination of a gesture. The data rejection rate was similar across conditions. The results reported here are based on ten to fifteen tokens per subject in each of the eight treatment conditions. Note that the measurements reported here give the amplitude of movement of the pharyngeal wall rather than the pharyngeal wall position. The reporting of movement rather than position is wholly a consequence of the ultrasound technique and need not be taken to suggest that articulator excursions rather than vocal tract configurations are the controlled variables in the Production of speech. It is worth noting, however, that these alternatives may, in fact, be indistinguishable. In current work on human limb movements, the question has been posed whether movements are planned in task-space or joint-angle coordinates. Interestingly, with appropriate theoretical assumptions, both positions can be shown formally to be tenable (e.g., Holierbach et al., 1985) . 
The NV½ gesture
It has been demonstrated previously that vowel identity affects the velar gesture from a nasal consonant towards an obstruent. The amplitude of the NVC gesture was examined here as a function of the vowel in the gesture. For all subjects, there was a significant effect of the final vowel upon the amplitude of the NVC gesture [F(1,92) -----50.44, p < 0.001;  F(1,96) = 3.97, p<0.05; F(1,95) was not significant for either subject ( p > 0.05).
There was also an effect of the final vowel on the duration of the CVN gesture. For both AP and RK, the duration of the CVN gesture is shorter when the final vowel is/u/, regardless of the identity of the initial vowel  [F(1,95) = 106.43, p <0.001; F( 1,96} ----15.88, p<0.001 , respectively ]. For TO, the CVN duration was unaffected by differences in the initial vowel ( p > 0.05): There was an effect of the final vowel on the timing of the movement onset of the CVN gesture relative to the voice onset of the initial vowel. In Fig. 4 , it can be seen that the CVN gesture started eartier for RK and TO as indicated by longer intervals, when the final vowel was / off  [F(1,92) =20.59, p<0.001; F(1,96)= 8.00, p<0.005 Although only three subjects were tested, it is clear that these differences reflect variations in subject's move= ment patterns rather than measurement error since the standard errors of estimate are small for both movement amplitudes and durations. The lack of complete uniformity across subjects i n this data does not make these findings less physiologically important. Indeed, they point to a general property of the coordinated nature of speech, namely, that constraints are defined across the oral cavity in such a way that the appropriate acoustical form is preserved in spite of varia= tions in the individual movement trajectories. This suggestion is consistent with the several reports of individual differences in the operation of the velopharyngeal mechanism (see Bell=Berti, 1980, for a review). The prevalence of these differences has led some investigators to suggest that there are several individual strategies in the control of the velopharyngeal port. For example, Bladon and AIBamerni (1982b) have shown two different temporal patterns of velar lowering for a nasal consonant relative to the voice onset of the preceding vowel. Bladon and AI-Bamerni concluded that speakers may therefore have two alternative production strategies. It is possible that the differences observed here across the three subjects may reflect differences in the control techniques of the velopharyngeal mechanism.
